Non-pigmented rapidly growing mycobacteria (RGM) are members of the genus Mycobacterium that are characterized by their ability to yield visible colonies within 7 days on solid media, with no (or slow emergence of) pigmentation (Stahl & Urbance, 1990) . RGM (about 50 species have been described to date) are ubiquitous in the environment (Primm et al., 2004) . They can live in many natural ecosystems, including soil, fresh water and salt water (Bland et al., 2005; Covert et al., 1999; Falkinham, 2009 ) and commonly colonize water production and distribution systems (September et al., 2004) . Most species are harmless saprophytes, but some are opportunistic pathogens of increasing health concern (Brown-Elliott & Wallace, 2002; Leao et al., 2009; Primm et al., 2004; Sermet-Gaudelus et al., 2003) . Tap water is a major source of contamination and has been incriminated in numerous RGM outbreaks (Wallace et al., 1998) .
We recently conducted a large-scale survey of RGM in the Parisian water treatment and distribution system, covering all production units, water storage tanks and distribution units (Dubrou et al., 2013) . Among the 643 RGM isolates recovered from the network, we identified three putative novel taxa on the basis of partial rpoB sequencing [<97 % identity with any other RGM type sequence for a 723 bp region (Adekambi et al., 2003) ]: two, designated 'ParisRGMnew_1' (taxon 1) and 'ParisRGMnew_3' (taxon 3), had previously unknown rpoB sequences, and the third (taxon 2) shared a partial (636 bp) rpoB sequence 99 % identical to that of an uncharacterized RGM previously isolated from tap water samples in the Netherlands [Mycobacterium sp. NL-JvlW-016 (van Ingen et al., 2010) ].
Here we describe a polyphasic analysis of isolates of the three taxa and some of their phenotypic and genotypic features. The results of this analysis led us to propose three novel species, named according to the place they were isolated from the Parisian (Fig. S1 , available in the online Supplementary Material).
All isolates produced non-pigmented creamy white colonies with a rough aspect after 3 days at 30 C on solid media (Middelbrook 7H11 medium, trypticasesoy agar; Becton Dickinson). Generation times for culture in the exponential-growth phase in liquid medium (Luria broth, Invitrogen) were 4.5-4.6 h for taxon 1 and 3.4-3.5 h for taxa 2 and 3. Ziehl-Neelsen and auramine-rhodamine staining showed acid-fast, rod-shaped bacilli; no spores, cords or filaments were observed. The optimal temperature for growth was 30 C for the three taxa; growth was slower at 25 C (visible colonies after 4 days), and no growth was observed at 42 C. Only taxon 3 was able to grow at 37 C (visible colonies after 4 days) and to grow in the presence of 10 % CO 2 (at 30 C).
Biochemical tests were performed at 30 C according to methods described by Kent (1985) and are presented in Table 1 Characters common to the three taxa were Tween 80 hydrolysis, a positive three-day arylsulfatase activity, a positive catalase reaction at 22 C, and the absence of iron citrate uptake and of niacin production. All isolates of taxon 3 had a positive catalase reaction at 65 C (taxon 1: one isolate; taxon 2: no isolates), produced urease (taxon 1: two isolates; taxon 2: no isolates) and showed positive nitrate reductase activity (taxon 1: no isolates; taxon 2: one isolate).
Minimum inhibitory concentration (MIC) values were determined by broth microdilution (Woods et al., 2000) , using a commercial kit appropriate for RGM (sensititre RAPMYCO, Biocentric). Plates were incubated at 30 C until the growth control was positive. All isolates of the three taxa were susceptible to amikacin, ciprofloxacin, tigecycline and tobramycin; isolates of taxon 1, but not of taxa 2 and 3, were also uniformly susceptible to clarithromycin, doxycycline and linezolid ( Table 2 ).
The mycolic acid profiles of the isolates were analyzed by TLC (5735 silica gel 60F254; Merck) following charring with phosphomolybdic acid as reported previously (Kremer et al., 2000) . Mycolic acids from known RGM and slowly growing mycobacterial species were analyzed in parallel for comparison. A unique pattern was revealed for each of the three taxa, characterized by either two mycolic acid species (taxon 1) or three mycolic acid species (taxa 2 and 3) (Fig. 1) . The three taxa produced mycolic acids co-migrating with a-mycolates and did not produce mycolic acids co-migrating with a¢-, methoxy-or ketomycolic acids. Taxa 2 and 3, but not taxon 1, displayed a band co-migrating with epoxy-mycolic acids from M. smegmatis (strain ATCC 700084/mc 2 155). Careful examination of the TLC profiles revealed the presence of minute amounts of a mycolic acid subspecies in taxon 2 (isolate 028, lane 8) co-migrating with the third mycolic acid subspecies of taxon 3; this indicates that taxa 2 and 3 share a conserved mycolic acid pattern. However, due to its very low production level, this band from taxon 2 could not be purified in sufficient quantities for subsequent analysis.
Each mycolic acid subspecies was purified and further analyzed by mass spectrometry (MALDI-TOF MS) and nuclear magnetic resonance (NMR) (Avance III 900 MHz spectrometer, Bruker) (Alahari et al., 2007) . For all three taxa, the upper band co-migrating with a-mycolates in TLC was confirmed to be constituted of a-mycolates, with a majority of cis-ethylenic groups (Table 3) . Also as expected, the bands from taxa 2 and 3 co-migrating in TLC with M. smegmatis epoxy-mycolates were confirmed as epoxy-mycolic acids, with the remaining functional group being mostly a cis-ethylenic function (cis/trans 4/1) ( Table 3 ). The lower bands from taxa 1 and 3 were both identified as O-methoxy mycolates (Table 3) ; for both taxa, the NMR spectra showed the presence of a single O-methoxy functional group per mycolic acid, most probably in positions !-2 to !-4 for taxon 1 and in position !-1 for taxon 3. To the best of our knowledge, the !-2 to !-4 methoxy-mycolate has never been described so far in any mycobacterial species; its detailed structural analysis will be described elsewhere.
Genomic DNA extractions, amplifications and sequencing reactions were performed as described previously (Macheras et al., 2009) . Partial 16S rRNA, rpoB, hsp65 and sodA gene sequences were determined using primers described previously (Adekambi et al., 2006) . CLUSTAL_W version 1.81 in the PHYLIP software package was used for multiple sequence alignment. Growth at 37
Generation time 4.5 h 4.6 h 4.6 h 3.6 h 3.6 h 3.6 h 3.5 h 3.6 h 3.6 h 4 h 5 h (Dubrou et al., 2013) , the rpoB sequence of taxon 2 was 99 % identical (6 bp difference over 636 bp) to the rpoB sequence of Mycobacterium sp. NL-JvlW-016 (accession number HM029237.1; van Ingen et al., 2010) .
The hsp65 sequences were 97 % identical between taxa 1 and 2 (over 684 bp) and 98 % identical between taxa 2 and 3 (over 690 bp) and between taxa 1 and 3 (over 689 bp). The most similar other hsp65 sequences were those of The sodA sequences were 95 % identical between taxa 1 and 2 (over 420/442 bp) and between taxa 2 and 3 (over 418/ 442 bp) and 96 % identical between taxa 1 and 3 (across 426/442 bp). The most similar sodA sequence in other mycobacteria was that of M. peregrinum CIP 105382 T (95-98 % identity over 416 to 430 bp).
DNA G+C content (mol%) values determined on the basis of the concatenated 16S rRNA, rpoB, hsp65 and sodA sequences (2520 bp) were 62.3 % for taxa 1 and 2 and 62.6 % for taxon 3.
Phylogenetic analysis was conducted for all the genetic regions studied, after trimming the sequences to start and finish at the same relative position. All unique sequences from RGM reference strains were included; M. tuberculosis (H37Rv T ) and M. marinum (ATCC 927 T or ATCC BAA-535) were used as outgroups. Phylogenetic trees were reconstructed using the neighbor-joining method (Saitou & Nei, 1987 ) with Kimura's two-parameter distance correction model and with 1000 bootstrap replications in the MEGA version 3.1 software package (Felsenstein, 1985; Kimura, 1980; Tamura et al., 2011) .
Phylogenetic analysis of the 16S rRNA gene sequence (1459 bp) indicated that the taxa 1, 2 and 3 formed three distinct branches, adjacent to a branch including M. septicum ATCC 700731 T (Fig. 2) ; the branch corresponding to Taxa 1, 2 and 3 also formed three separate branches on the rpoB tree based on sequences of a 665-bp region, with 100 % bootstrap supports for each branch (Fig. S2) . Each branch only harbored the three isolates of each taxon, except for the branch corresponding to taxon 2, which also harbored Mycobacterium sp. NL-JvlW-016 (HM029237) The three branches formed a novel clade on the rpoB tree, with a 94 % bootstrap support.
Similarly, in the hsp65 tree based on sequences of a 396-bp region, taxa 1, 2 and 3 were on three separate branches (respective bootstrap values, 92 %, 97 % and 90 %) (Fig. S3) . Taxon 2 formed an independent phylogenetic branch; the branch corresponding to taxon 1 was adjacent to a branch harboring M. peregrinum (ATCC 14467 T ) and M. alvei (CIP 103464 T ); the taxon 3 branch was adjacent to the M. septicum (ATCC 700731 T ) branch.
The tree based on the sodA (442 bp) gene sequences indicated generally similar groupings except for a particularly close proximity between taxon 3 and M. peregrinum (CIP 105382 T ; Fig. S4 ).
We also performed a phylogenetic analysis based on concatenated sequences of the 16S rRNA, rpoB and hsp65 genes, as developed by Devulder et al. (2005) . The tree reconstructed from these three genes (2520 bp) unambiguously revealed that taxa 1, 2 and 3 are distinct from each other (between 100 and 98 % bootstrap values for each branch) and constitute a novel group within the RGM family (98 % bootstrap value) (Fig. 3) .
Therefore, it is concluded that the following three novel species Mycobacterium lutetiense, Mycobacterium montmartrense and Mycobacterium arcueilense are proposed for the isolates of taxon 1, taxon 2 and taxon 3, respectively.
Description of Mycobacterium lutetiense sp. nov.
Mycobacterium lutetiense: lu.te.ti.en¢se. N.L. neut. adj. lutetiense, of or belonging to Lutetia, now Paris, pertaining to the widespread distribution of this species within the Paris water distribution system.
The cells are acid-fast, not motile and do not produce spores. Grows to maturity in 3 days at 30 C and in 4 days at 25 C on Middelbrook 7H11 and TSA media. Colonies are creamy white, rough and non-pigmented. No growth is observed at 37 C and 42 C or in the presence of 10 % CO 2 . Scores positive in tests for Tween 80, catalase at 22
C and 3-day arylsulfatase and negative in tests for niacin production, nitrate reduction and iron uptake. Urease activity and catalase activity at 65 C are strain-dependent. The pattern of sensitivity to antimicrobials is characterized by susceptibility to amikacin, ciprofloxacin, clarithromycin, doxycycline, imipenem, linezolid and tigecycline. Mycolic acid ranges are from C74 to C81 for alpha-mycolates; O-methoxy-mycolates are also present whereas epoxy-mycolates are not. Description of Mycobacterium montmartrense sp. nov.
Mycobacterium montmartrense: mont.mar.tren'se. N.L. neut. adj. montmartrense, pertaining to the Parisian quartier of Montmartre where most isolates were recovered; a RGM isolate putatively belonging to this species on the basis of partial rpoB sequence (99 % identity across 636 bp) has been reported in the Netherlands under the designation 'Mycobacterium sp. NL-JvlW-016' (van Ingen et al., 2010) .
The cells are acid-fast, not motile and do not produce spores. Grows to maturity in 3 days at 30 C and in 4 days at 25 C on Middelbrook 7H11 and TSA media. Colonies are creamy white, rough and non-pigmented. No growth at 37 C and 42 C; and no growth in the presence of 10 % CO 2 . Scores positive in tests for Tween 80, catalase at 22 C, and 3-day arylsulfatase, and negative in tests for niacin production, catalase activity at 65 C, urease activity, nitrate reduction and iron uptake. Nitrate reduction is straindependent. The pattern of sensitivity to antimicrobials is characterized by susceptibility to amikacin, ciprofloxacin, imipenem and tigecycline and by resistance to The cells are acid-fast, not motile and do not produce spores. Grows to maturity in 3 days at 30 C and in 4 days at 25 C and 37 C on Middelbrook 7H11 and TSA media. Colonies are creamy white, rough and non-pigmented. No growth at 42 C. Growth in the presence of 10 % CO 2. Gives positive results in tests for Tween 80, catalase at 22 C and 65 C, 3-day arylsulfatase, urease activity and nitrate reduction and negative results in tests for niacin production and iron uptake. Its pattern of sensitivity to antimicrobial agents is characterized by susceptibility to amikacin, ciprofloxacin and tigecycline and by resistance to clarithromycin, doxycycline, imipenem and linezolide. Mycolic acid ranges are from C74 to C81 for alpha-mycolates; epoxy-mycolates and O-methoxy-mycolates are also present. 
